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The Erdenetiin Ovoo porphyry copper-molybdenum deposit, site of the Erdenet Mine is the largest copper producer 
in Mongolia, Iocated in North Mongolia about 350 km North west from Ulaanbaatar city. The deposit was discovered 
by Czech geologists in 1 963 and started to mine from 1 978 as a joint Mongolian-Russian ore dressing plant, Erdenet 
Mining Corporation with an annual rate of approximately 20 Mt of ore. A number of researchers have studied deposit in 
terms of geology, magmatism and related mineraiization, but due to the complex geological history and limited detailed 
study, wide variation and uncertainties in the reported data; there are controversies on tectonic interpretation, relation of 
the magmatic activities, opigin of the deposit, source of the ore forming fluids and alteration behavior. 
The Erdenet Mine plays a great importance to Mongolian economy accounting for a majority of Mongolia's hard 
currency income. The Mine has about 30 years experience of open pit exploitation next to the Erdenet city, which has 
about 85 OOO population and thousands of livestock in the vicinity. There are limited studies related to envirronmental 
assessment of Erdenet Mine including preliminary result of our research. The Erdenetiin Ovoo porphyry 
copper-molybdenum deposit, site of the Erdenet Mine is an ideal place to study magmatic and mineralization processes 
and gives an environmental assessment of open pit mining effect based on natural background. 
The main aim of this thesis is to show characteristics of igneous activity in the Erdenetiin Ovoo porphyry 
copper-molybdenum deposit area, ore forming mechanism of the deposit and geology based environmental assessment 
of Erdenet Mine development. Northern Mongolia. 
Rock (about 100), soil ( I 09) and water (14) samples were collected from the study area covering of 90 kin x 150 knl. 
Rock samples were collected from the Selenge Intrusive Complex, Erdenet Porphyry Association including ore. Mogod 
Formation Volcanic rocks and country rock. Soil samples are taken from stream sediment, surface and soil cross section. 
Water samples were colle.cted mostly from rivers except a sample from human made well. Rock samples were analyzed 
for major and trace element chemistry and selected 10 samples were analyzed for SHRIMP zircon dating. ~amples 
representing different ore stages of the deposit were analyzed for the SEM-CL and fluid inclusion microthennometric 
studies aiming to decipher nature of mineraiization events at the deposit. Chemical analyses have done for the soil and 
river water samples with the aim to show how is distribution of heavy metal, especially Cu and Mo in the area of the 
Mine, how the pollution is distributed, as well as how is background in far area frong the mine: The software, 
ThinkSTAT for Excel Multivariate Analysis is applied for the calculation of elemental correlation of rock, soil and river 
water samples. Based on correlation coefflcient (r) element relationships within the environment are discussed. 
Chapter I displays a background of the research, review of previous studies, research targets, material and 
methodolo*'ies and main structure of the thesis. 
Geology and magmatism of the area are shown in Chapter 2. The Erdenetiin Ovoo porphyry Cu-Mo deposit is 
situated in Late Paleozoic-early Mesozoic magmatic arc of Orkhop-Selenge, which is a part of the large Mongol 
Okhotsk Fold Belt. Early magmatism is represented by Permian bimodal Khanui Group volcanism, followed by 
Permian-early Triassic multiphase Selenge Intrusive Complex with subsequent intrusions of porphyritic bodies 
including Erdenet Porphyry Association, which the Erdenetiin Ovoo deposit relates. Late Triassic-Jurassic Mogod ~ 
Formation volcanic rocks including post ore dikes represent latest stage of magmatic activity in the area. The Selenge 
Intrusive Complex is characterized by calc-alkaline, medium to hi**h potassic, I-type and magnetite series rocks. Rocks 
are characterizod by high Al203 (average of 1 5.98 wto/o), Sr (average of 753 ppm) content, enriched LILE and depleted 
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HFSE with negative Nb anomalies, which are typical of ntagmas formed above a subduction zone in active continental 
margin. The rocks show SHRIMP U-Pb zircon ages rangin*' from 24_~.3d:4.6 Ma to 249.7d:4,0 M. a. The Erdenet 
Porphyry Association which **ives 235.6:~:4.4 Ma to 245.9:~:3,3 Ma of U-Pb zircon ages is also characterized by 
 calc-alkaline, I-type, ma*･netite series, wi.th hi**h and rather constant Al20s (ca, 16.16 wt.(~lo) and medium to 
high-potassic features. The rocks are enriched in LILE and depleted in HFSE (low and wide ran_ge of Y), which are 
characterlstics of arc ma**matism. Ceochemical characteristics of intrusive rocks show a possible adakitic nature. 
Country rock from the Erdenetiin Ovoo deposit area *'ives 277.5:~:5.1 Ma and 283.5:~:4.6 Ma of zircon age, which 
attribute to early Permian time. Selenge Intrusive Complex and Erdenet Porphyry Association show a little difference 
in a**e and similar geochemical characteristics indicating the magma source was similar. Geological, geochemical and 
geochronological data indicate that magmatic activity in the Erdenetiin Ovoo porphyry copper-molybdenum deposit 
area is consistent with subduction related arc setting. 
Hydrothermal quartz and vein formation during different ore stages and temperature condition of mineralization and 
hydrothermal alteration are objectives of Chapter 3. Based on petrographical and SEM-CL studies early, middle and late 
stages of mineralization are practical for classification. Diffe~'ent SEM-CL intensities in different stages indicating physical and 
chemical condition were different in each stage. Multista*'e crystal **rowth, dissolution, recrystallization and 
microfracturing are observed within the same stage. Fluid inclusions at the Erdenetiin Ovoo deposit are mostly 
presented by liquid type in different sta*'e of mineralization, and their size increases from the depth to the surface. Early 
sta**e shows higher (up to 360'C) homogenization temperature (Th) than other stages, but big temperature fluctuation 
may cause of multiple episodes of fracturin*' and multiple generation of quartz precipitation. Later stage vein shows 
comparatively low Th (about 170*C) with low salinity (average 4.5 wt. o/(~ NaCl equiv.). Low temperature (average 
200-250'C) hydrothermal process was dominant to the ore fonuation mechanism of the Erdenetiin Ovoo deposit. 
Objective of Chapter 4 was to display how heavy metals distribute in Erdenet mining area and as well as far 
distanced area from the mine based on soil and river water chemistry and create GIS database. Based on element 
distribution map Cu. Mo, Pb, Co, As and Zn are much more accumulated in soils ciose to the mine and their content 
decreases with distances far from open pit and tailings. Cu, Zn, As, Mo, Mn and Fe are higher in Erdenet and Khangal 
river waters near the Erdenet Mine, even though those are not exceeded than standard. Possible reason of Cu and Mo 
enrichment in east side of the mine could be explained by dominant wind and river stream direction from west to east. 
Mo shows variable distribution 
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Mo 
compare to Cu because Mo is 
more soluble in alkaline soil 
than Cu. Evaluation of analysis 
of soil and river water samp]es 
show that open pit mining 
pollution is developed in study 
area some near place to the 
open pit and tailings. Element 
distribution 3D and contour 
maps of soil sarnples su*'gest 
that within ca. 5 km vicinity of 
the mine is much more polluted 
by Cu and Mo, and about 35 
kin east and southeast side is 
the area where pollution is also 
obvi,ously distributed (Fig. I ), 
Fi**ure I . Cu (a) and M.o (b) distribution in soil samples 
Chapter 5 shows heavy metal distribution behavior and eiemental correlation in environment of the study area. 
Aluminum normalized Cu and Mo distribution depends on direction and distance from ~nine site, e.g.. Mo/AI is higher 
than Cu/AI in near places, and this behavior chan*'es in reverse in far distanced area. This can be explained by element 
bebavior, soil characteristic and also rclation between e]ement and soil as wel]. Cu, Mo and so~tle other heavy metals 
pollute surface than lower part of soil in cross section. It indicates that heavy metals pollute only soil surface depending 
on soil characteristics and dry climate with low annual precipitation (-250 mm). Cu and Mo show a correlation in 
Erdenet Porphyry Association rocks indicating the,ir mngmatic source. Cu and Mo correlation coefficient increased in 
soil (~ = O.83) than rock (r = O.59) si**nifying later effect, e,g. mining activity. Loss of Cu and Mo relation in river water 
can be explained by solubility difference of those elements in various pH environments. 
This study is a first trial for environmentai assessment of the Erdenetiin O¥'oo porphyry copper-molybdenun~ 
deposit; coupled with petrology (magmatism), mineraiization, and soil and river water analyses. It is possible and 
effective to evaluate effect of development of mine based on geological evo]ution and present statues. 
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 論文審査結果の要旨
 モンゴル国北部のエルデネット市に位置するエルデンティンオボー斑岩銅鉱床は,モンゴル国の代
 表的銅一モリブデン鉱床であり,ここから生産される鉱看は同国の主要な輸出産晶となっている.この
 地方の斑岩銅鉱床をもたらした火成岩の成因,マグマの特徴,および鉱化作用との関連については系統
 的な研究が行われていなかった.また大規模な露天採掘により,周辺域の環境悪化が懸念されるが,鉱
 床の地球化学的特徴に基づく環境アセスメントが行われておらず,環境評価についての研究が要求され
 ていた.本論文は,エルデンティンオボー斑岩銅鉱床のマグマ作用,鉱化作胴を明らかにし,これに
 基づき鉱山開発による重金属元素の逸散と濃集についてまとめたもので,全編6章よりなる.
 第1章は緒論であり,本研究の背景,エルデンティンオボー鉱床の研究史と鉱山開発の経緯をまと
 め,本研究の目的について述べている.
 第2章は,エルデンティンオボー鉱床域に分布する火成岩類の岩膚化学的特徴およびSHRIMP法
 によるU・Pb年代を明らかにして,本地域に分布するSelenge複合岩体およびErδenetPorph禦
 Associatio且は,ほぼ同様なマグマ起源であること,二畳紀末から三畳紀に,海洋プレートが沈み込む
 島孤環境下で活動したことを明らかにしている.これにより古生代から中生代にかけてのモンゴルーオ
 ホーツク変動帯の特徴を明確に示すとともに,ゴンドワナ大陸の再構成に一定の制約条件を与えること
 が可能となった.きわめて重要な知見である.
 第3章は,エルデンティンオボー鉱床の鉱化作用について明らかにし,この鉱床がE撮ene七
 Po#p五ryA8soci&tionの活動に密接に関係していること,また,鉱物縛み合わせおよびSEMに付属さ
 せたカソードルミネッセンス検出装置と流体包有物をカップリングさせた検討から,鉱化ステージは初
 期,中期,後期の3つに区分できることを明らかにしている.また,この鉱床が主として200℃から250℃
 の斑岩銅鉱床としては比較的低温の流体から形成されたことを明らかにしている.これらの結果,鉱床
 の特徴づけが可能となり,鉱床探査へ応用展開することができる有用な知見である.
 第4章は,エルデネット鉱山周辺域の土壌,河川水中の含まれる重金属元素含有量について明らかに
 し,この結果をG聡(地理情報システム)上で解析して,銅とモリブデンが鉱山周辺が著しく高く,鉱
 山闇発により重金属汚染が生じていることを明らかにしている.さらに,この汚染は鉱山の西側に比べ
 東側で特に広がっており,この原因はこの地方特有の西から東に吹く風によるものであることを見いだ
 している.鉱山開発による重金属汚染を広域的に評価した初めての結果であり,環境アセスメント手法
 として特に重要な成果である.
 第5章は,岩衝,土壌,河川水の重金属含有量の相関関係を検討し,特に銅とモリブデンに着目して
 鉱山開発による重金属の逸散と濃集のメカニズムを明らかにしている.この結果,銅は鉱山周辺城に特
 に濃集し,モリブデンは河川水によって銅よりも広範囲に逸散していることを明らかにしている.また,
 鉱床の生成と鉱山開発による重金属汚染の時間的,空間的変遷を明確にして,現在の重金属汚染の意味
 を明示している.『これは有用な成果である.
 第6章は,これらの成果をまとめ結論としている.
 以上要するに,本論文は,モンゴル国のエルデンティンオボー鉱床のマグマ作網と鉱化作用との関
 係を検討し,古生代から中生代の島弧的環境で関係火成岩が形成され,ほぼ同時期に鉱化作用を被った
 後,現在の鉱山開発により周辺地域に重金属汚染が生じていることを明らかにしている.また,鉱床の
 地質学的解析に基づく鉱山開発の環境アセスメントの方法とその有効性を示しており,資源開発工学,
 環境科学,ならびに機械工学の発展に寄与するところが少なくない.
 よって,本論文は博士(工学)の学位論文として合格と認める.
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